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Professional summary

e PhD in Experimental High Energy Physics — Florida State University,
Tallahassee, Florida (2016)

- Photon+jet cross section analysis using data from the CMS
experiment at LHC, CERN.

® Postdoc — Purdue University, stationed at Fermilab (2016 — 2018)
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- Top quark pair spin correlation and polarization using data from the CMS experiment at LHC, CERN.

® Postdoc — Los Alamos National Lab (2018 — present)
- Decay of heavy flavor hadrons to single muons using data from PHENIX detector at RHIC, BNL.

- X-ray radiography with a team of LANL scientists in physics and theory division.
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Outline

Understanding gluon PDFs using photon+jet cross section measurement from the CMS
pp data

Heavy flavor “tagging”/classification using Machine Learning tools at PHENIX
Unfolding development for top quark pair spin correlation and polarization at the CMS

Other contributions to the CMS and PHENIX

My interests 1n the EIC physics
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Inclusive 1solated-photon+jet in pp collisions at CMS
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quark-gluon Compton scattering
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; | ::::::: ‘ ) = Photon+jet measurements are excellent probes of QCD and gluon

distribution functions.
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Inclusive 1solated-photon+jet in pp collisions at CMS
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uark-gluon Compton scatterin S d A
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| ‘ = Photon+jet measurements are excellent probes of QCD and gluon

distribution functions.

660 oo gq annihilation
Q@ \q’& = Total cross section at the hadron collider consists of perturbatively
9\‘Q 3@ calculable parton level cross section and non perturbative hadronic
& o matrix elements.

Q fragmentation
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Inclusive 1solated-photon+jet in pp collisions at CMS

Fragmentation, g or g — jet
000 D(_'/((Z(-'w (22)

Q%)
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Parton DistTibutions. \
NonDerturbative —

Muyét be experimentally
determined

Hard Scattering,
arge () — pQCD

quark-gluon Compton scattering

‘ | = Photot

No fragmentation

jet measurements are excellent probes of QCD and gluon

distribution jons.
660’ oo gq annihilation
Q@ & = Total cross section at the hadron collider consists of perturbatively
g\\Q\\’@O&e calculable parton level cross section and non perturbative hadronic
&0 matrix elements.

Q fragmentation
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Inclusive 1solated-photon+jet in pp collisions at CMS

Difftop LHC Vs=13 TeV, m=172.5 GeV
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-Il MMHT14NNLO 7~ Il ABM12NNLO o i
"E2 PDFALHC_100/,

200 -

(]
(=
o

ratio to CT14nnlo do/dy (pp—tt+X) (pb/GeV)
o
o

a) b)

Top pair production through gluon fusion @ LO

-—t b

= Photon+jet measurements are excellent probes of QCD and gluon
distribution functions.
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Eur. Phys. J. C 76, 471 (2016)
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= Total cross section at the hadron collider consists of perturbatively

calculable parton level cross section and non perturbative hadronic
Top-quark pair production cross matrix elements.
sections at approximate NNLO as a
function of the top-quark rapidity
using different PDFs at NNLO with the

: respective PDF uncertainty
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= |mproved understanding of PDFs is key to reducing theoretical
uncertainties in other measurements such as Higgs boson
production, top quark pair production, and new physics searches.



Photon & jet reconstruction and Id with the CMS
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Photon & jet reconstruction and Id with the CMS
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Photon & jet reconstruction and Id with the CMS

Photons are reconstructed
using ECAL clusters
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Using Machine Learning in high background environment

_ CMS 19.7 fb™' (8 TeV)
;_',1000 — Eur. Phys. J. C 79 (2019) 969 =
2 - _
c - Y -o- Data -
¢ 800 40<p, (GeV)< 45 Sig+Bg template =
W . | <0.8 w Bg template _
600 n I,'f'etl <08 B Sig template
400 B v2/ndf = 1.10
200 B
o B
1 _— —_
g o o
L 00 o 4 P04 4 ¢ oo
e - o -
v -1 08 06 -04 02 O 02 04 06 0.8 1

BDT response

= ML output fit to get the signal purity from QCD multijet background.

= At the time when the analysis was started this was a novel technique.
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Using Machine Learning in high background environment

CMS 19.7 b ( 8 TeV) Scan over data sideband phase space in photon isolation
= _ to determine a region in data that describes the multijet
S.1000 — Eur. Phys. J. C 79 (2019) 969 Lo . . .

@ - - background in the signal region.
S 800 — 40<p’ (GeV)< 45 % Data — MC Simulation, Vs=8 TeV
S - T — Sig+Bg template n 5.5 mramrem s
w 500 . Ml <0.8 ws Bg template _ E‘ = _
- Injetl <08 [ ] Slg template §. 4.55_ —i
400 E v2Indf = 1.10 5 45 =
=i =0 E
200 g 3F E
o 25F =
| . E
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g —9— -9 15 T —
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BDT response

= ML output fit to get the signal purity from QCD multijet background.

= At the time when the analysis was started this was a novel technique.
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Triple differential cross section measurement

= Some examples of the measurement in different kinematic regions of photon and jet Eur. Phys. J. C 79 (2019) 969

. CMS _197®(8Tev)  , CMS —19.7M7(8TeV)
S 2 - a— Data — 0 2 ;— =— Data :
é1 8F Experimental uncertainty - E1 .8 3 = Experimental uncertainty :
81.6F SSSSS Theory (NLO) uncertainty 1 871.6 - N ===== Theory (NLO) uncertainty :
a14E 1 oMb s S E
1'21 _ N A, T SR 3 1'21 Ej_fﬁ;5?“;;?3?‘;?:2723:-"ff?:;??f;ffi?i;fi‘?:ffi‘:;‘57_1:;?'?j?_fff::f?ff;;‘"._:_.___{___. _.__‘_ _:_‘. _:
08" S 7 sy IS
- jet — — et T
04 = mj Yl <0.8 CJ15 PDFs - 0.4 - 2.1< In’e | <25 CJ15 PDFs -
0.2 1 n'| < 0.8 E 0.2 21<mM<25 E
0 E— - , T ——— ob— . . . . eyt
2 2 3

50 10 2x10 , 10 50 102 2%102 10°

P! (GeV) o' (GeV)

= Measurement in total 224 bins in photon p, photon pseudorapidity and jet pseudorapidity combinations.

= |n agreement with NLO QCD predictions, and in many bins more precise than the theoretical calculations given the PDF
& scale uncertainties.

? NLACT.)(?\,ALIE m&% ajeeta@lanl.gov 06/17/2021




Probing the gluon PDF with direct photons @ LHC

= Photon+jet measurements were discontinued in

Kinematic coverage
global PDF fits until recently.
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= CMS measurement in an isolated-

photon+jet triple differential cross section

measurement w.r.t photon p,, photon

pseudorapidity and jet pseudorapidity:

y
Pr y

\)

+ n ]et)

= Combination of the photon and jet eta

can probe a wide range of x.
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Impact of my work

Kinematic coverage

Eur. Phys. J. C (2018) 78
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Outline

- Understanding gluon PDFs using photon+jet cross section measurement from the CMS
pp data

Heavy flavor “tagging”/classification using Machine Learning tools at PHENIX

- Unfolding development for top quark pair spin correlation and polarization at the CMS
- Other contributions to the CMS and PHENIX

- My interests 1n the EIC physics
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Heavy flavors as a probe of cold and hot nuclear matter

b
Y & b
7 N b ‘ q

I q \% q N
_ ‘ ‘ 9 4
b g X — N
Heavy flavor production at LO q N q
; b

my > My > AQCDyTC

4.2 GeV 1.3 GeV 0.2 GeV

= | ow p;(collisional energy loss dominant): partially thermalize in Quark Gluon Plasma (QGP) medium?

= High p (radiative energy loss dominant): mass dependent energy loss in QGP?
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4.2 GeV 1.3 GeV 0.2 GeV

= | ow p; (collisional energy loss dominant): partially thermalize in Quark Gluon Plasma (QGP) medium?

= High p (radiative energy loss dominant): mass dependent energy loss in QGP?
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Previous efforts to study flavor dependent energy loss in mid-rapidity

= At low p: oo
' _ min. bias Au+Au, V5,,=200 GeV PWNIX -
| | 2/~ Data 2004+2014, |y|<0.35 preliminary —
= Higher ¢ — e suppression than b — e. - -
1.8 » c+b — & (Phys.Rev.C 84,044905) —
o 16 Lo BRIAmEheSEER -
= Consistent with the expected mass dependence: * L b e  TTYSTEVLERT, -
1.4_—--._ —]
AE, > AE, ;> AE. > AE, o F -
o 1-2C 1 —
. 1 1?‘ :
= At high p o g .
« 0.8 ]
< - _
: . _ - 0.6 -
= Poor systematic precision & narrow coverage in pr - .
particularly due to pp baseline. 0.4¢ ’
0.2 -
. :l L 11 | L1 11 | | I | | I | | I . | | I . | | I | | . I:
= Single muons from separated D/B hadrons have not O % 2 4 5 6 7 8 g
been studied at forward rapidities. PHENIX has a p_[GeVic]
unique ability to probe QGP at low momentum and —
forward rapidity bins. > 1 (dAN/dy)

AA:<NCO”> dN /dy )PP
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Studying semi-leptonic decay of heavy flavors with the muon arms

Semi-leptonic decay
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Muons from semi-leptonic decay of HF measured in
muon arm 1n the forward/backward region of PHENIX
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Studying semi-leptonic decay of heavy flavors with the muon arms

Semi-leptonic decay

K~

D’ B Particle Lifetime c7o
Uu < < Uu 0
D 129.9 pum
C > ) > S l+ D_|_ 311.8 At
W B° 457.2 um
Y BT 491.1 pm

Muons from semi-leptonic decay of HF measured in

muon arm in the forward/backward region of PHENIX = Heavy flavor decays leave a displaced vertex signature.

R - T o RPC3 = DCAR (DCA along the radial projection of tracks) can be
“y, Contral Magret W precisely determined with FVTX+VTX.
_ ),.-[ 7:?&,00’ ‘?o <§\
B . MPC FVTX H
S | R | J/’EB(\\[ ! | = a
5 ZDC South i /ﬂ:ﬂ\ ZDC North DCAR — LDC’A R A
! ~ MulD _ - |\(F)\T I Mas It
=N
= MuTr RPCI B/D meson
LDOA |
Y | South Side View North [ HRIN . 2
= 18.5m= 60 ft -
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Supervised Machine Learning process

T
Input variables Zle =L
(x) for pythia B v W €
embedded into B ¢
data background Training !
labeled data Known
output

Input

| Mapping
variables _> function 1(x)

(x) for data
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DCAj vs Machine Learning output

= Boosted Decision Tree (BDT)
classifier is trained on multiple
discriminating variables for more
efficient classification.

= |nput variable include:
*DCAp,

*pT,

* ;7,

* ¢,

* primary vertex,

* primary vertex uncertainty,

* distance between vertex &
closest detector hit.

A

Los Alamos

NATIONAL LABORATORY

Unity Normalized Events
- =

—
<
—_

10°°

-3 L1l Ll
10205-0.4-03-02-01 0 0.1 0.2

O
~

_||||||||||||||||||||||l|lllllllllllllllllllllll: _|||||||||||I]||I]|||||[I||||||]|||||||]_

—+— Non-prompt-like Test

O
&
3

—a— Non-prompt-like Test

—&— Prompt-like Test

:

—a— Prompt-like Test

O
N
o

Unity Normalized Events
o
w

&
n

Better 0.1
Separation

0.05

| L L A I I O |

lllllllllllll 1111 lllllllllllll Ill |llll |

0.3 0.4 05 ) 0.8-06-04-02 0 02 0.4 06 08 1
DCA, BDT Output

K — u simulation proxy for long decays (non-prompt-like) particles.

J/y — u simulation proxy for prompt-like particles.
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DCAj vs Machine Learning output
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J/y — u simulation proxy for prompt-like particles.
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Feasibility study of the ¢/b extraction using ML output

= Using the classification
mapping function, ML
output distribution is
obtained for various
background and heavy
flavor muon signal
Processes.

= Pseudo data is generated
using templates for signal
and data.

= Signal proportion is varied,
and feasibility of extracting
the signal using ML output is
studied.
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Feasibility study of the ¢/b extraction using ML output

B T g sord F T actgapTa pmay ]

s $20000F- + E

_ l -/g;g;g; 8000 T b—u T 2.5<p_[GeV]<10 E

s | AN § S " I -

; ;«Ex/ ' 160005 | Prompt Had —_E— South ~ _E

>t e 14000} ...... K-y g ‘ E

12000f - - gy B =

: 10000, —— Fit Model 1 :

gooof ¢ Pseudo Data F 3

= Fitting 1s done simultaneously 60005_ T E- E
for tracks 1in prompt hadron &

muon dominated region.

= QOutput b/(c+b) fraction agrees
with the input within
uncertainties for multiple input
values.
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Outline

- Understanding gluon PDFs using photon+jet cross section measurement from the CMS
pp data

- Heavy flavor “tagging’/classification using Machine Learning tools at PHENIX
- Unfolding development for top quark pair spin correlation and polarization at the CMS
- Other contributions to the CMS and PHENIX

- My interests 1n the EIC physics
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Top quark pair spin correlation and polarization

Dilepton Channel

= Heaviest fundamental particle: mi= 173.34+0.27(stat)
+0.71(syst) GeV [arXiv: 1403.4427].

= Short lifetime:

1 1 1 r
S A2

— < =<
(e Ft AQCD
production lifetime hadronization spin flip
10-%7 s 10-% s 10-%4 s 1021 s

= |In SM: Top quarks produced by strong interaction are
mostly unpolarized but QCD causes top-quark spins to be

correlated. W_—. Decay products
- carry the top spin
= |n BSM scenarios: Resonances decaying to top can information.
modify the correlation.
~ We measured all the independent coefficients of the 1 production spin density matrix
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Untolding 1n particle physics

FIXel (1UUX15U Um) ~16m- ~bbIV channels
Microstrips (80x180 pm) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENO

true image

Niobium titanium coil carrying ~18,00

_,MUON CHAMBERS

/B s S reconstructed image

—
g “ " /
¥ | -

Lt

_PRESHOWER

A Silicon strips ~16n
FORWARD
Steel + Quartz

MAGNETIC
ETER (ECAL)

4

CALORIMETER (HCAL)

¢ scintillator ~7,000 channels

—

unknown: estimate of true image Unfolding procedure

4 oF

= Distributions measured by any detector are modified from the true underlying distribution due to its finite resolution
and limited acceptance.
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Unfolding 1n particle physics

true image

A FIXel (TUUX15U Um) ~1bm- ~bbiVl channels
yd \ Microstrips (80x180 pm) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENO

/ Niobium titanium coil carrying ~18,00

_MUON CHAMBERS

// it ) . =
WY e ANl reconstructed image
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Silicon strips ~16n

FORWARD
Steel + Quartz
-

MAGNETIC
ETER (ECAL)

illating PbWO4 crystals

Yy,
CALORIMETER (HCAL)

¢ scintillator ~7,000 channels

—

unknown: estimate of true image Unfolding procedure

é

= Distributions measured by any detector are modified from the true underlying distribution due to its finite resolution
and limited acceptance.

= |n the top quark analysis major contribution to the smearing come from detector response, kinematic reconstruction
algorithms, particle shower, and hadronization.

= These effects can be corrected from the reconstructed distributions using regularizaed unfolding method to retrieve
/) the differential cross sections at parton level in the full phase space.
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Regularized TUnfold method with no bias

Xunf = Xu +7°X1 +)\Z(M$ —Y)q
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Regularized TUnfold method with no bias
Xun =.+ TXLHAY (M —y),

2 Tyr—1 Least sq. fit of re-folded output to the original data

A
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Regularized TUnfold method with no bias
Xuns = X +-+ A (Mz —y),

2 Tyr—1 Least sq. fit of re-folded output to the original data

L matrix: Regularization term can be introduced to
> T T balance out negative correlation with positive correlation.
X1 = (@ — fxx0) L" L(x — [ *x0)

7. Gives strength of regularization.

Regularization condition that minimizes the curvature of the
vector (x -f * xo) is used. Gives the difference between
unfolded and the SM MC distributions where fis a
normalization factor.

A
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Regularized TUnfold method with no bias

Xinf = X+ 77X +

2 Tyr—1 Least sq. fit of re-folded output to the original data

L matrix: Regularization term can be introduced to
> T T balance out negative correlation with positive correlation.
X1 = (@ — fxx0) L" L(x — [ *x0)

7: Gives strength of regularization.

Regularization condition that minimizes the curvature of the
vector (x -f * xo) is used. Gives the difference between
unfolded and the SM MC distributions where fis a
normalization factor.

Constraint to ensure area of refolded output
matches the input data

pal
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Optimization of regularization strength

Tune regularization strength to minimize the

Unfolding: Introduces average global correlation
negative correlation

4 _— [

Regularization: Introduces 0.95
positive ¢ 0.9

0.85}
0.8
0.75}
0.7}
0.65}
0.6}
— 0.55}

454443 4041-4-3938373635

Log10(tau)

Avg global Rho

Name of the game is push and pull between
matrix inversion and regularization

= |_arger tau will result in unfolded result close to the bias distribution (gen-level MC).

= Smaller tau results in larger statistical fluctuations.

Pal
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Regularization bias

= When new physics is present we expect the spin coefficients will change.

= Except when (x -f * xo) is linear, regularization will cause bias in the values of spin observables
because the curvature is non zero.

A
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Regularization bias

= When new physics is present we expect the spin coefficients will change.

= Except when (x -f * xo) is linear, regularization will cause bias in the values of spin observables
because the curvature is non zero.

= Unique “Bin Factor Function” (BFF) are computed for different spin observables to ensure
regularizing the curvature is unbiased in the presence of a new physics.

= Test of “linearity” i.e. lack of regularization bias by injecting 20 different values of coefficients
that differ from SM prediction by +/-0.5.

Slope of linearity plot (for each bin) Slope of linearity plot (for each bin)
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ﬁj For unbiased measurement, slope of linearity plot = 1
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Regularization bias

= When new physics is present we expect the spin coefficients will change.

= Except when (x -f * xo) is linear, regularization will cause bias in the values of spin observables
because the curvature is non zero.

= Unique “Bin Factor Function” (BFF) are computed for different spin observables to ensure
regularizing the curvature is unbiased in the presence of a new physics.

= Test of “linearity” i.e. lack of regularization bias by injecting 20 different values of coefficients
that differ from SM prediction by +/-0.5.

Slope of linearity plot (for each bin) Slope of linearity plot (for each bin)
g 11 -.-..-..|..-..-..-.1.-..'..'..|..'..'..'.|.'..'..'..|..'..'..'.1.1.-..'..|..'..'..'.1.:.'..'..|..'..'.'_j 2 oosF T L T T T
R L e I = R S N c_kk: spin correlation
TN et R = =l'> % B N A N coefficient in the
0 S B N T A — 1 vero moment
3 ° : T 0001E e In /7 zero momentum
= Ee - _: _3; 1.00005 =+ rreefrremeeeesmes foo e frame.
] S e R E 5 SR O T N
SV AUOTROTROT RS E s
N I N E o ST ERSIIE IR RIS SR Generated by P- and
I N R R E ] SRS RTINS [YRIRPN (PRSI ST CP- conserving
08 08 o4 02 0 02 04 06 08 kk1 B e ST BT B BT S By Interactions.
C_ c_kk
ﬁj For unbiased measurement, slope of linearity plot = 1
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Unfolded distribution example

Coefficient Measured POWHEGv2 MGS5.aMC@NLO NLO calculation
Ci 0.300 & 0.038 0.314 0000 0.325 T 006 0.331 10007
gox10° _CMS 35.9 fb (13 TeV) CMs 3597 (13 TeV)
t Data .tf other 1 5_ i ggf\c/’\llﬁlide\?;aJr PYTHIA8 :::8 Sr'::':orrelated-:

Bt signal

Events /0.1

B Single t

| - - MG5_aMC@NLO + PYTHIAS [FxFx]

- e e e e -

Phys. Rev. D 100, 072002 (2019)

2 -
% D A Z %/j é
e % 7, //
Qo | 4 Z ] . .
-1 —0.5 0 0.5 1 distribution related to
-1 0.5 0 0.5 1 k K
cosG'} coseg cosb; coso, <4 the ¢ kk coefficient

unfolded cross section

A
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Outline

- Understanding gluon PDFs using photon+jet cross section measurement from the CMS
pp data

- Heavy flavor “tagging’/classification using Machine Learning tools at PHENIX
- Unfolding development for top quark pair spin correlation and polarization at the CMS

- Other contributions to the CMS and PHENIX

- My interests 1n the EIC physics

pal
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Other contributions not mentioned 1n detail

- Optimization of algorithm used for mitigating spikes (anomalous signals observed in the
CMS-ECAL from direct 1onization of avalanche photodiodes).

- Photon i1dentification performance studies with the Ey Physics Object Group at the CMS.
- Code development for the CMS Pixel Data Quality Monitoring.
- Mechanical assembly of the forward pixel detector tor Phase I upgrade of the CMS detector.

- Starting the study of transverse and longitudinal spin asymmetries using the correlations of
tracks measured by the muon tracker and FVTX detectors at PHENIX experiment.

- Various mentoring, outreach, and teaching activities... .etc.

)
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Outline

- Understanding gluon PDFs using photon+jet cross section measurement from the CMS
pp data

- Heavy flavor “tagging’/classification using Machine Learning tools at PHENIX

- Unfolding development for top quark pair spin correlation and polarization at the CMS

- Other contributions to the CMS and PHENIX

- My interests in the EIC physics
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? !7\93 ALIE m&% ajeeta@lanl.gov 06/17/2021




Displaced
Tracks

EIC efforts of interest

Secondary
Vertex

= DIS jet production can provide access to flavor separated probe of Jet Ly /¢
pQCD. \ 4
’f‘qu,"'
= |n eA collisions, it can probe initial/final state cold nuclear matter effects. L /k "
= |'ve experience with particle flow jets at the CMS. / Jet

= | have experience with HF tagging using ML.

= | have experience with regularized unfolding methods to correct for
detector effects that would be applicable at EIC.

Tet HF tagging

LO diagram for the production of charm in CC
electron-proton DIS @ EIC

Fhoton Gluon Fusion

pak
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Summary

= Led two major HEP analyses by CMS in photon+jet and top quark.

= Leading efforts on the study of charm/bottom separated study of single muons in the
Heavy lon program at PHENIX.

= Experience in advanced statistical tools, such as unfolding and ML.
= Experience in MC and data analysis.

= Have taken relevant courses and some experience
on detector work.

= Diverse experiences in different high energy/nuclear physics
projects, including a project aimed towards stockpile
stewardship.

= Enjoys working with jets.

A
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Thanks!
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Additional Materials
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Scattering .

PDEF: Parton

> Distribution Function

S
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CMS

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0m Plxel (100x1 50 um) ~ 16m* ~66M channels
Overall length : 287 m Microstrips ($0x150 ym) ~200m* ~9.4M chaoaels

Magneticield 38T

SUPERCONDUCTING SOLENOID
Niobeaes ttanium coil carryssg ~ 18,0004

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resstive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~ 16’ ~ 137,000 chanacls

FORWARD CALORIMETER
Steel # Quanrts Sbres ~2.000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PHWO, crystals

/

HADRON CALORIMETER(HCAL)
Beass + Plastic scintillator ~7,000 channels
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CMS ECAL

Barrel (EB)

Crystals in a Preshower |T| < 1.44
supermodule SN * 61,200 Lead tungstate

(PbWO,) crystals
supercivas photodetector:

p———

e/ (& Avalanche Photodiodes

- o (APDs)

« Crystal front face:
0.0174X 0.0174 inn-¢

\ ’ Endcaps (EE)
‘ ‘ + 1.56<|n|<3.0
L ) + 15,000 PbWO, crystals
e « 1.654<|n|<2.6 « Photodetector: Vacuum
W preshower |+ 2 silicon layer with Phototriodes (VPTs)
- orthogonal strip  Crystal granularity
End-cap crystals arrangement varies from 0.0175 X

» Provides extra spatial 0.0175 to 0.05 X 0.05 in
resolution to the EEs n-d

S
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CMS ECAL

2 PbWO, has short radiation length
Xo=0.89 cm.

L] Moliere radius (radius of a cylinder
containing ~ 90% of electron
shower’s energy) = 2.2 cm.

O High density of 8.3 g/cm?.

O Emits scintillation light proportiona
to the interacting particles energy.

2 Almost 80% of the scintillation light
1s emitted within the 25 ns of
A nominal LHC bunch crossing. EE crystal with VPT
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Measurement of tt Spin Density Matrix

« Decompose tt production and analyze all the spin
correlation and polarization coefficients
simultaneously. [UHEP12(2015)026]

* Bjand Cj are further decomposed in terms of
orthonormal basis ( k/p: direction of top/incoming

parton in tt ZMF):

CP odd, P odd
o CP even, P even
' ) CP even, P odd
CP odd, P even

A
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Observables

* Using the reference axis from before, angular distribution of two leptons is
measured in its parents reference frame is given by,

1 1 | '  cos 6]
do = = (1 + By (i) cos 0] + By(j) cos 0 — C(i, j) cos 6; cos Gé)

0 d cos 0 d cos Gé 4

v
* Single differential cross section are given by, I+
1 do 1 , P R g 2 B
0 d cos Oi ) (1 + By(7) cos 91) uantization axis: @
1 do 1 . °
o d cos 6 ) (1 + By(i) cos 95) b top rest frame
1 . - ' 1
4 = % (1 — C(i,]) cos 6 cos 9’2) log

7 dcos Qi COS 95 )cos 9’1 COS 9]2|

A
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Response Distribution

+ Measured distributions after background subtraction can be expressed in terms
of underlying parton-level distributions.

measured A = arton-level

g’ y=M=zx St ot

distribution istribution
response matrix

+ M describes probability for an event produced in bin i to be measured in bin j.

+ M is modeled using nominal ¢t sample.

combined CMS Prelimina 35.9 fb" (13 TeV) combined CMS Prelimina 35.9fb" (13 TeV)
g ™ : F o=
T 0.8 = c 0.8 4500
3 =
- =11 = 4
o 0.6 000 2 06 000

800

600 0

400

200

llllll

-1 08 -06 -04 02 0 02 04 06 08 1 -1 08 06 -04 02 0 02 04 06 08 1 °
B,(k) (Gen) C(kk) (Gen)
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Systematic Uncertainty

combined CMS Preliminary  35.9 fb™' (13 TeV) ,
g2 = » Response matrices are
§o.18;— : filled from MC for each
Bo.16f — systematics.

%0_145_ :;m » Traditionally data would be
S F = unfolded with the
o1E- - T;.R?im“%px response matrices
- Tol g . corresponding to each
0'08-5_ E systematics and subtracted
0'065_ E from nominal unfolded
0.04 | = distribution.
0.02F I A — = » With TUnfoldDensity we

can provide all the
alternative response

The results returned by TUnfoldDensity have been matrices at once, and
validated using the traditional method on 2015 obtain the unfolded
dataset. (Nominal - Syst)

a distributions.
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fsm

CMS 35.9 b (13 TeV)
—e— Data Standard model
ckk —e— 0.90+0.07 £ 0.09 + 0.01
C" H - - : H 1.13+£0.32+0.32+0.12
Cnn H-e—+H 1.01+0.04 £ 0.05 + 0.01
b - { i 0.94+0.17 £ 0.26 + 0.01
C + Cyr *
D H-e+H 0.98+0.03+0.04 = 0.01
lab H———————— 0.74 + 0.07 £ 0.19 + 0.07
0s0
AIM | ——t-+—+ 1.05+0.03+0.08 +0.11
]
fo £ (stat) £ (syst) + (theo)
| | l | 1 | 1 1 | 1 | l | ] | | l | 1 |

0.5 1 1.5 2
SM spin correlation fraction fSM

Figure 13: Measured values of f,,, the strength of the measured spin correlations relative to the
SM prediction. The inner vertical bars give the statistical uncertainty, the middle bars the total
experimental uncertainty (statistical and systematic), and the outer bars the total uncertainty.
The numerical measured values with their uncertainties are given on the right.
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Constrain on Wilson coefficient that 1s related to the operator that results in
top quark CMDM 1n the EFT framework

CMS 35.9 b’ (13 TeV)
C\lx i 1 I || | || I I I I ] Ll 1 1 l || || || I |
< [ . ]
i : [
g |} /] _
1\ /[
L \ | [
6 ' /[ -
i [ [} .
- [ ] — Nominal
4 // P + theory —
i // ——-theory -
2 /] es%cL -
I / 95% CL -
0- 1 I 1 | 1 1 l 1 1 1 l 1 1 1 I 1
-0.2 0.2 0.4 0.6
Co/ A?[TeV?

Figure 14: The Ax? values from the fit to the data as a function of C,;/A?. The solid line is the
result of the nominal fit, and the dotted and dashed lines show the most-positive and most-
negative shifts in the best fit C,5/A?, respectively, when the theoretical inputs are allowed to
vary within their uncertainties. The vertical line denotes the best fit value from the nominal fit,
and the inner and outer areas indicate the 68 and 95% CL, respectively.
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Heavy Flavor production at PHENIX forward rapidity

1 0—9 x1 0_9 %10
16 a - — S . [ B PYTHIAG (flavor creation)
- _ ] i +00+ -
- PHENIX (a)pp —»ccX — pu X 2.5 PHENIX (b)pp —bb X — pu= X & 350 s PYTHIAS (favor excitation)
141 o pip /5=200Gev [ @ p+p Is=200GeV . <  _f B PYTHIAG (gluon splitting) It
" ... POWHEG o, = 0.316mb - - POWHEG o, = 3.94ub 3 3 PYTHIAS (fc + fe + gs) ’
12| i PYTHIAVE o = 0.343mb o [ Bl PYTHIAV6 o5 = 3.59ub g _ I .
.  PYTHIAVE (pc:ir creation) e - | PYTHIAV6 (pair creation) 2 2.5 o p#p Vs =510 GeV | l
';"; 10F 12 PYTHIAVS (flavor excitation) + s - B PYTHIAV6 (flavor excitation) ¢ ? !
S C | PYTHIAVE (gluon splitting) ® 15 [ PYTHIAVE (gluon splitting) 2 4 T o
— 8__pu>3GeVIc,1.2<h]“l<2.2 ._;_ i p, >3 GeVlc,1.2< Il <2.2 ; 55_ l | T
g- [ 15<m, [GeV/cH <25 . @ TFeeelll <] [ 3.5<m,.[GeV/c’] <10.0 ~r :
E 6 T Global Uncertainty 12.0% .+ 1 E 1 — Global Uncertainty 12.0% -
pd B <’ < - 11—
T 4 © i -
- 0.5+ 0.5 l
2r - oFl |2
P e el 0 [ O e “T 5.0 <m,, <10.0 (GeV/c?)
PR N TN T N T T T N T T N T T N T O O T A rao v v by v b Py s by a1y _0.5=§||lllllllllllllllllllllllllllllllll
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3 14 16 18 2 22 24 2 2.8A¢?ad)
r
|6 - ¢  |[rad] 6 - ¢ |[rad] .
wl w2 PRD 99, 072003 w1 2 arXiv:2005.14276
Dominant at RHIC Dominant at LHC
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Heavy Flavor studies at PHENIX

gg" 1 0-3 E T v T T T T | T T T
> 10+ p+p — (1 +u)/2+X at {s=200 GeV
0] e PHENIX 1.4<lyl<2.0
L2 107 ---- FONLL charm
E E Ny - — FONLL bottom

ﬂQ_ ——FONLLc +b
=)

B
T
w 10°

'’
L L]l

RATIO

6 7
P, (GeV/c)

Invariant cross section of
muons from open heavy-flavor
decays in p+p collision at

Q PhysRevD.95.112001
' Los Alamos

NATIONAL LABORATORY

Ry, (c > e, b —>e)

2.2
C0-10% Au+Au, |'s, =200 GeV P_I:I\:'—E_NIX ]
2 Data 2004+2014, |y|<0.35 preliminary —
1_8:— % c+b — e (Phys.Rev.C 84,044905) _:
1 6:— EmC -8, +p from e-h correlations B
O mmp o B hy&Rev.LettJ05,20‘2301‘"/‘/”,_,._... -
120 -
— .""“ |
E—-d :
08 | —
0.6 -
0.4 -
0.2 -
0:I tra Lo b I_—l—_l__rl__l_l_l_*__l__l__l—_l_l i b 1:
1 2 3 4 5 6 7 8 9

P [GeV/c]

c/b separated R, , using single
electron data at , /sy, = 200 GeV

ajeeta@lanl.gov

Single muons from separated D and B
hadrons have not yet been studied at
forward rapidity at RHIC.

PHENIX has a unique ability to carry out
c/b separated heavy flavor study at low
pr and forward rapidity bins.

Can probe mass/flavor dependent
energy loss mechanism in QGP.
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.95.112001&v=67168b97
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.95.112001&v=67168b97

Kinematics acceptance of heavy flavor decay products

RPC3

* MuTr, MulD and FVTX
make up the muon-arm.

» 1.2<|n|<2.2(2.4) for
south(north) arm, full

azimuthal coverage. C
= ZDC Nort-h
: : MulD

* ~10 int length absorbers 2

to reject hadronic >

background.
» Hit in the VTX (|n|<1.0) Y

constraints FVTX tracks In A S5 = 60 >

P 3 stations of cathode strip chambers for charged particle tracking

.
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Kinematics acceptance of heavy flavor decay products

* MuTr, MulD and FVTX
make up the muon-arm.

» 1.2<|n|<2.2(2.4) for
south(north) arm, full
azimuthal coverage.

* ~10 Int length absorbers
to reject hadronic

background.
» Hit in the VTX (|n|<1.0) Side View
constraints FVTX tracks In ~ 1S5m= 60
}. Alternating layers of plastic proportional tubes for muon
/A identification and steel absorbers
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\ '

* MuTr, MulD and FVTX =+ RESS 2AW o8 97 A =9 i
make up the muon-arm. [ 4EESORTE )
- 1.2<|n|<2.2(2.4) for S 2
south(north) arm, full — EE——
. S nrx TR LT
azimuthal coverage. o
5 ZDC South ZDC North
— —
| | | MulD MulD
» ~10 Int length absorbers =
to reject hadronic >
background.
» Hit in the VTX (|n|<1.0) Y South Side View North
constraints FVTX tracks in a 185 m= 60 fi
/A¢ Vertex detectors for precise tracking and vertex measurement
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(1/2np_)d°N/dp_dy [(GeV/c)?]
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Model comparison

Invariant yield of c+b — e
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- Data 200442014, |y|<0.35

e .
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| 0-10% Au+Au, |S,=200 GeV Phys.Rev.Let,100,192301

D — e (T-Matrix) =
- B — e (T-Matrix) —

Phys.Rev.C,78,014904

D — e (SUBATEGCH)
—B — e (SUBATEGCH)

Phys.Rev.C 90,034910

D — e (DGLV)
B — e (DGLV)

ajeeta@lanl.gov

e T-Matrix: (T-Matrix +
small diffusion const
2#aTD = 4). Strong

QGP coupling.

e SUBATECH: Boltzmann
equation + running
coupling + realistic hard
thermal loop
calculations.

* DGLV: Energy loss +
plasma w/ static
potentials.

* More precise
measurement needed to
distinguish between
different models.
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| = Djordievic et al. dN/dy1000 (0-10°%) Phys.Lett.B 632,81 (2006)

— eeas Djordievic et al. AN/dy3500 (0-105%)

""""" Djordjevic et al. (0-10%) Phys.Rev.C 80,034910 (2014)

(2 7 T)=30, van Hees et al. (0-10°%) Eur Phys.J.C 61,799 (2009)
D(2 m T)=6, van Hees et al. (0-10%)

— Di2 m T)=4, van Hees et al. (0-10%)
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—0-10% central

Au+Au, \s, =200 GeV
Data 2004+2014, |y|<0.35
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e T-Matrix + small
diffusion const
2#aTD = 4/6):
Consistent with data.

e T-Matrix + large
diffusion const
2aTD = 30)

inconsistent with data.

* DGLV models: More
precise measurement
needed to separate
between DGLV
models with different
gluon densities.




